Introduction
Since the first proton-proton colliding beam physics programme started at the I.S.R. in early 1971 , there has been a persistent demand for running at the highest luminosity possible consistent with low background from proton losses through beam gas collisions, or from collisions of the protons in the beam halo with the vacuum chamber and/or other aperture limits.
In the I.S.R., the beam-beam interaction rate, luminosity, in each intersection is L = k III2/heff where IlI2 are the beam intensities (Amperes) in each ring respectively and heff is the effective height of the two beams' interaction diamond.
Within the intensity limits imposed by the vacuum and resistive wall instability criteria, maximum luminosity is attained by exploiting the full I.S.R, stacking aperture (Ap/p = 3% Z 60 mm) and the high longitudinal phase plane density available from the CPS -CERN Proton Synchrotron -injector. This Another feature is the distance from the line to the coupling resonance (QV-QH = 0) providing absence of mutual coupling between horizontal and vertical betatron motion thus ensuring that small vertical beam heights are conserved. All these permit a good safety margin when making adjustments to the tune and tune spread of a stacked beam.
During the first trials with the ELSA working line, the effect known as overlap knock-out was identified. This is due to the injected bunched beams' high frequency components being the same as those of the transverse betatron frequencies of the stacked beam and is manifested by the increase of the transverse emittances in the outer part of the stack resulting in loss of intensity and an increased effective beam height. Bunched beams can cause this effect on a stack in the same ring or in the other ring due to the beam-beam forces at the intersections. Operationally, this effect has been eliminated by making a temporary shift of the working line for the stacking period and by using a special r.f. acceleration programme to increase the bunch length at injection and thereby eliminates the harmful harmonics from the bunched beam frequency spectrum.
The detuning effect produced by the image forces of the stacked beam on itself must be compensated during stacking high intensity beams to maintain the correct tune and chromaticity throughout the stack. An on-line computer program calculates the space charge induced incoherent tune shift from the measured longitudinal density distribution of the stack; the latter being derived from computer analysis of the beam's longitudinal Schottky signal. Tune shifts, necessary to correct the working line across the full aperture, are calculated and applied after each 3A increase in beam intensity. There are ten Q-parameters dealt with in this program and the application of the correction is made by synchronous adjustments of the currents in the poleface windings.
Precision measurement and control of the working line is required through all phases of operation. Via the control computer the Q-meter, which uses single pulses anywhere in the aperture, the Q-diagram meter, which by the r.f. 
Distortions of the closed orbit have to be rigorously controlled to ensure maximum aperture for the stack and its halo, to minimise the risk of contaminating the experimental physics regions and to maintain the beam colliding head-on. A quantitive measure of this distortion is made for each set-up using the 53 pick-up stations in each ring. Computer programs use this information, together with working line parameters to determine the location and excitation required of the minimal number of dipolar correcting elements. Since the closed orbit distortion is dependent on the tune across the aperture it is not possible to obtain one correction that is uniform for all orbits. This is the case when using the ELSA working line due to the proximity of the integer resonance and several cycles of measurement and correction are necessary to establish minimal distortion of the horizontal closed orbits in the stack and injection regions. Vertical orbits require special attention since it is imperative to make the two beams collide head-on over the complete, horizontal stack widths.
Stacked Beam Intensity
The two principal limits to the stacked beam intensity in the I.S.R. are the maximum current that can be tolerated for vacuum stability and the resistive wall coherent transverse stability limit. The former is well defined in machine development periods both for the short and long (> 10 
